Abstract Re-emergence of highly virulent forms of IBDV has been the cause of significant economic losses. In present study, 52 bursa samples were assayed using reverse transcriptase-polymerase chain reaction (RT-PCR) for IBDV targeting VP2 gene. Out of the tested samples 20 were positives. Eleven IBDV-positive samples were selected for further isolation and characterization. Histopathological analysis of the bursa revealed necrosis, presence of depleted follicles and some infiltration of heterophils, characteristic to previously reported in IBDV. The virus was isolated by inoculating bursa suspension into embryonated specific pathogen-free (SPF) eggs. Chorioallantoic membrane(s) (CAMs) were collected and tested by AGPT confirming the presence of IBDV. The virus was detected by RT-PCR and sequence analysis of PCR products of 11 selected samples was carried out. Nine samples were characterized as very virulent (vvIBDV) and 2 samples were classical IBDV similar to vaccine strains. The genotyping of Egyptian vvIBDV indicate progressive evolution of IBDV in Egypt and they were closely related to previous isolated strains from Egypt.
Introduction
IBD is a highly contagious and acute viral disease that is characterized by destruction of lymphoid cells in the bursa of fabricius causing sever immunosuppression [1, 2] . IBDV was first recognized as a disease entity in ''Gumboro'' district of Delaware State in USA in 1957 by A.S. Cosgrove while it was first recorded in Egypt by El-Sergany in 1974 [3, 4] . IBDV belongs to the genus Avibirnavirus of the family Birnaviridae. The genome consists of two segments, A and B, of double-stranded RNA, which are encapsidated within a single-shelled icosahedral particle with a diameter of 65-70 nm. The larger segment, A, encodes a polyprotein of approximately 110 kDa that is proteolytically cleaved by the viral protease VP4 to form the viral proteins (VP) VP2, VP3, and VP4 and four structural peptides deriving from the VP2 precursor, pVP2. A second open reading frame preceding and partially overlapping the polyprotein gene encodes VP5, which has been detected both in IBDV-infected chicken embryo cells and in bursal cells of IBDV-infected chickens [5] .
Two distinct serotypes of the virus have been recognized. Serotype 1 viruses are pathogenic to chickens while serotype 2 viruses are nonpathogenic. Serotype 1 has been divided into several groups on the basis of antigenic variation and virulence: classical strains, variant strains, and very virulent strains [6] . Classic IBDV strains cause bursal damage and lymphoid necrosis resulting into 20-30% mortality [7] . In the mid1980s very virulent (vv) IBDV strains emerged and caused devastating outbreaks resulting in 30% and 60-70% mortality in broiler and layers, respectively, then spread to Middle East, Asia, Africa and South America [5, 8] . In Egypt very virulent were reported since its first introduction in 1989 [9] . Variant IBD strains were also reported in Egyptian flocks [10] . Presently, evidence of circulating variant IBDV strains was isolated from flocks vaccinated using classical IBDV vaccines [11, 12] .
The use of molecular techniques to detect and identify IBDV strains has increased in recent years. RT-PCR have been used to amplify sections of the IBDV genome. The VP2 gene is commonly studied because it encodes for the major protective epitopes, contains determinants for pathogenicity, and is highly variable among strains [8, 13] .
The infectious bursal disease virus continuous to be a serious problem in Egypt. The aim of this study was to determine the molecular characterization of IBDV recently isolated from Broiler Flocks in Egypt using RT-PCR, isolation and sequence analysis of HVR part of the VP2 gene. In present study, 50 broiler outbreaks over the period 2012-2013 were investigated in an attempt to molecular characterization of IBDV using RT-PCR, isolation, sequence analysis of HVR part of the VP2 gene, and histopathological examination.
Materials and methods

Field samples
During 2012-2013, broiler farms in different Egyptian Governorates showed sudden onset of high mortality. Necropsy revealed haemorrhages and gelatinous exudates in Bursa of Fabricus. Fifty-two bursae were collected for viral isolation and detection by RT-PCR.
Histopathological examination
The specimens for histopathology were dehydrated in several grades of alcohol, embedded in paraffin and sectioned at 4 ll thickness, then stained by H&E stain for bursa samples [15] . . Briefly, the 50 ll reaction mixture contained 10 ll of extracted RNA, 10 ll of 5· RT-PCR buffer, 2 ll primer F, 2 ll primer R, 2 ll dNTP mix containing 400 lM each dATP, dGTP, dCTP, dTTP, and 2 ll of Qiagen One Step Enzyme Mix. A fragment of 620 bp of the 5 0 -noncoding region was amplified by PCR thermo cycling using (T3 Biometra-Germany) as follows: 20 min at 50°C (RT reaction); 95°C for 15 min (initial PCR activation); 39 three-step cycles of 94°C for 30 s (denaturation), 59°C for 40 s (annealing) and 72°C for 1 min; then 72°C for 10 min (final extension). After amplification, 5 ll of PCR products were analyzed by electrophoresis on a 1.5% agarose gel containing ethidium bromide with final concentration of 0.5 lg/ml at 95 V for 30 min in 1· TBE buffer, against GeneRulerä 100 bp Plus DNA Ladder (Fermentas). Images of the gels were photographed on BioDoc Analyze Digital Systems (Biometra, Germany).
IBDV detection by RT-PCR
Virus isolation
For virus isolation, a 10% suspension was prepared in PBS (phosphate buffer saline) with 1 mg/mL of streptomycin sulphate, 0.4 mg/mL of gentamicin sulphate and 1000 UI/mL of penicillin. The suspension (0.2 mL) was inoculated in 10 dayold SPF embryonated chicken eggs via chorio-allantoic-membrane (CAM) then incubated at 37°C with candling daily. CAMs were collected at 96 h post inoculation [16] .
Scoring of lesions after virus isolation calculated as Mild, Severe and Negative where Mild describe the lesion of mild hemorrhage on the CAM and low embryos mortalities, sever describe the lesion of sever hemorrhage on the CAM, greenish liver and high embryos mortalities and negative describe no lesions on the CAM and no embryo mortalities.
Confirmation of the isolated virus by AGPT
Using standard known positive and negative precipitating reference antisera against IBDV were obtained from Doorn Animal Health Research Institute, the Netherlands [17] .
Sequence analysis of VP2 of IBDV
Gel containing DNA band of the expected size (620 bp) was excised and purified with the QIAquick Gel Extraction Kit (Qiagen) according to the manufacturer instruction. The purified PCR products were sequenced directly using the ABI PRISMÒ BigDyeTM Terminators v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) and the ABI PRISMÒ 3130 genetic analyzer (Applied Biosystems) with 80 cm capillaries. The sequences were edited with SeqScapeÒ Software Version 2.5 (Applied Biosystems), assembly of the consensus sequences and alignment trimming was performed with the Lasergene DNASTAR group of programs (DNASTAR Inc., Madison, WI), Using Clustal V method. The phylogram was drawn using also MEGA 5 software [18] . The alignment of the viruses in the study was done using DNAstar -MegAlign software. Egyptian viruses and other international reference strains from the Genbank and were available from the National Center for Biotechnology Information (NCBI) infectious bursal disease viruses resource (http://www.ncbi). Finally the identity percent and divergence between all viruses was carried out. Eleven partial sequences of VP2 gene reported were submitted to genbank under Accession Numbers from KF444824 to KF444834.
Results
Post mortem findings
Chickens from 16 flocks showed severe hemorrhages on breast and thigh muscles, severely edematous and hemorrhagic bursa with history of high mortalities (10-13%). Chickens of 4 flocks showed mild edematous bursa with history of high mortalities. While the rest of examined flocks showed dehydration with slight muscular congestion and slightly enlarged bursa.
Histopathological analysis
Bursa of Fabricus from diseased birds with typical lesions showed depleted lymphoid follicles and atrophy with presence of vacuoles in the cortical and medullar portion and heterophils invasion (Fig. 2) .
IBDV detection by RT-PCR
Out of 52 bursal samples tested with RT-PCR, 20 samples (38%) were positive ( Table 1 ). All RT-PCR positive samples showed specific bands at 620 bp on agarose gel (Fig. 1). Table 3 .
Virus isolation and confirmation
Sequence analysis of isolates (IBD-121S, IBD-122S, IBD-123S) differed from the previous isolated strains from Egypt The nine vvIBDV isolates under study were found to have specific restriction site (SspI site) while it was not observed in vaccine (classic attenuated) strain.
Phylogenetic tree (Fig. 3 
) indicated that the nine strains in this study (IBD-121S, IBD-122S, IBD-123S, IBD-124S, IBD-125S, IBD-126S, IBD-127S, IBD-1310S, IBD-1311S) showed close relationships between the previously isolated Egyptian
IBDVs and they are clustered together except isolates (IBD-1318S, IBD-1319S) were grouped with classic attenuated vaccine strains (Bursavac and Univac).
Discussion
The infectious bursal disease virus continuous to be a serious problem in Egypt as it does in other poultry producing countries all over the world. A preventive program is crucial to avoid virus spread and disease appearance [11, 12] .
The clinical diagnosis of the acute forms of IBD relies on the observation of the symptoms and post-mortem examination of the pathognomonic lesions on the bursa of Fabricius. In this study, the post mortem lesions vary from mild to severe congestion, haemorrhge on thigh muscle and edematous hemorrhagic bursa. Clinical manifestations depend on the virulence, age of birds and the presence or absence of passive immunity [19, 20] . It was suggested that pathogenesis and viral multiplication is more pronounced in very virulent strains comparing to the milder strains [21] . In this study, the histopathological findings were characteristic to IBDV infection, depletion of lymphoid follicles with different degrees was observed, for vvIBDV the lymphoid follicles depletion were more rapid and severe comparing to milder strains [22] [23] [24] .
The definite identification of IBDV was obtained using RT-PCR which was known to be a sensitive test to detect the IBDV [7, 8, 25] . In this study 20 out of 52 field samples were positive by RT-PCR. In a similar to study carried out by Abdel-Alem [8] . Virus isolation of bursa suspension in SPF embryonated chicken eggs was carried out. Gross lesions showed hemorrhages on the CAM, greenish liver with different degree of severity were observed. Similar results have also been reported [26] . AGPT employed on the harvested CAMs confirmed the isolation of five IBDV viruses (Table 2) . Variability in results in AGPT was previously reported [27, 28] . The hypervariable region (206-350 a.a.) contain the most informative genetic data regarding strain variability, it was chosen for sequence analysis to characterize IBDV strains molecularly, allowing analysis of variations that happen naturally or by attenuation in different strains, leading to changes in antigenicity and/or virulence [1, 13] . In this study, a comparative alignment and phylogenetic analysis of the hypervariable domain of the VP2 grouped the IBDV local isolates into at least two different pathogenic subgroups and assess geographical subtypes.
The isolates (IBD-121S, IBD-122S and IBD-123S) differed from the previously isolated strains Giza 2008, Giza 2000 IBDV by having alanine (A) residue at position 198 instead of aspartic acid (D). The reported mutation in these three isolates may be as results of the extensive abuse of IBDV vaccines as well as the heavily use of IBD different vaccination programs in delta area where the outbreaks occur.
It was reported that the major Hydrophilic region (peak A 210-225) to be important in the binding of neutralizing monoclonal antibodies (Mabs) and are presumed to be the dominant parts of the neutralizing dominan. Therefore, variation in these region are likely to induce significant antigenic variation [29, 30] at position (P222A), (V256I), (N279I), 294I, (N299S) showed to be unique for all vvIBDV strains as compared to classical strains [31] [32] [33] . In this study, the nine (very virulent) isolates show the same amino acids at position 222 A, 256 I, 294 I, 299 except at position N 279 D. Further studies are needed to confirm if this substitution is involved in the cell tropism of virulent IBDV strains.
Amino acids found at positions 253 and 284 were found to be responsible for pathogenicity and are unique to highly virulent IBDVs. [34, 35] . It was supposed that they were also involved in cell culture adaptation, where (Q 253 H; A 284 T) are specific amino acids for cell tropism [36] . Our isolates show (253 Q, 284 A) these results suggested the difficulty of cell culture of these isolated strains. Strains which have glutamine at position 253 reported to be high pathogenicity than those with a histidine at position 253 are much less pathogenic. A glutamine residue at position 253 was found in the nine isolates examined in the present study as well as the previously isolated Giza 2008, Giza 2000 IBDV indicating high pathogenicity. Recently, special attention was given to amino acids at position 253 where histidine or glutamine is found. Because of the intensive vaccination programs performed in the field with live attenuated viruses, there is a possibility that the viruses used mutate and subsequently change their pathogenic potential [37] . A specific SspI site on VP2 has previously been identified in all vvIBDV strains [31] . Consequently, this SspI site has been used as a genetic marker to predict a very virulent phenotype that must be confirmed by in vivo studies. However, not all vvIBDV have this marker and some non-vvIBDV strains have been found to contain the SspI marker [38] . It is interesting that all vvIBDV isolates under study had this restriction site while it was not observed in vaccine (classic) strain.
The presence of two viruses of vaccine origin indicate circulation of vaccine viruses in the field and that may be due to improper vaccine application in the field that permit emergence antigenic variants which may attribute to severe post vaccination reaction of intermediate-plus vaccines. The intensive use of vaccination programs performed with live attenuated viruses may lead to the possibility of emergence of mutatants and subsequently they constantly change their pathogenic potential and that require review the vaccination programs in Egypt.
Conclusion
This study successfully characterize nine vvIBDV and two classical strains from field cases of IBD in Egypt during 2012-2013. The genotyping of Egyptian vvIBDV indicate progressive evolution and they were belonging to previously isolated strains and that indicate persistence of the vvIBDV in the Egyptian environment. 
